First results on cell irradiation with laser-driven protons on the TARANIS system by Kar, S. et al.
First results on cell irradiation with laser-driven protons on the
TARANIS system
Kar, S., Doria, D., Kakolee, K. F., Prasad, R., Litt, S., Ahmed, H., ... Kirkby, K. J. (2013). First results on cell
irradiation with laser-driven protons on the TARANIS system. In AIP Conference Proceedings. (Vol. 1546, pp.
87-89). DOI: 10.1063/1.4816612
Published in:
AIP Conference Proceedings
Document Version:
Publisher's PDF, also known as Version of record
Queen's University Belfast - Research Portal:
Link to publication record in Queen's University Belfast Research Portal
Publisher rights
© 2013 AIP Publishing LLC
General rights
Copyright for the publications made accessible via the Queen's University Belfast Research Portal is retained by the author(s) and / or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal requirements associated
with these rights.
Take down policy
The Research Portal is Queen's institutional repository that provides access to Queen's research output. Every effort has been made to
ensure that content in the Research Portal does not infringe any person's rights, or applicable UK laws. If you discover content in the
Research Portal that you believe breaches copyright or violates any law, please contact openaccess@qub.ac.uk.
Download date:16. Feb. 2017
First results on cell irradiation with laser-driven protons on the TARANIS
system
S. Kar, D. Doria, K. F. Kakolee, R. Prasad, S. Litt et al. 
 
Citation: AIP Conf. Proc. 1546, 87 (2013); doi: 10.1063/1.4816612 
View online: http://dx.doi.org/10.1063/1.4816612 
View Table of Contents: http://proceedings.aip.org/dbt/dbt.jsp?KEY=APCPCS&Volume=1546&Issue=1 
Published by the AIP Publishing LLC. 
 
Additional information on AIP Conf. Proc.
Journal Homepage: http://proceedings.aip.org/ 
Journal Information: http://proceedings.aip.org/about/about_the_proceedings 
Top downloads: http://proceedings.aip.org/dbt/most_downloaded.jsp?KEY=APCPCS 
Information for Authors: http://proceedings.aip.org/authors/information_for_authors 
Downloaded 23 Aug 2013 to 143.117.13.205. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://proceedings.aip.org/about/rights_permissions
  
First Results on Cell Irradiation with laser-driven protons 
on the TARANIS system 
S. Kar a, D. Doria a, K.F. Kakolee a, R. Prasad a, S. Litt a, H. Ahmed a,              
G. Nersisyan a, C. Lewis a, M. Zepf a, M. Borghesi a,b, G. Schettino c,            
K.M. Prise c, F. Fiorini d, D. Kirby d, S. Green d, J.C.G. Jeynes e,                      
M. J. Merchant e and K.J. Kirkby e  
a School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, UK 
b Institute of Physics of the ASCR, ELI-Beamlines Project, Prague, Czech Republic 
c CCRCB, Queen’s University Belfast, Belfast BT7 1NN, UK 
d Dept. of Medical Physics, University Hospital, Birmingham, B15 2TH, UK 
e Ion Beam Centre, University of Surrey, Guildford GU2 7XH, UK 
Abstract. The ultra short duration of laser-driven multi-MeV ion bursts offers the possibility of radiobiological 
studies at extremely high dose rates. Employing the TARANIS Terawatt laser at Queen’s University, the effect of 
proton irradiation at MeV-range energies on live cells has been investigated at dose rates exceeding 109 Gy/s as a 
single exposure. A clonogenic assay showed consistent lethal effects on V-79 live, cells, which, even at these dose 
rates, appear to be in line with previously published results employing conventional sources. A Relative Biological 
Effectiveness (RBE) of 1.4±0.2 at 10% survival is estimated from a comparison with a 225 kVp X-ray source.  
      
INTRODUCTION 
In view of their properties, laser-driven ion beams have the potential to be employed in a number of 
innovative applications in the scientific, technological and medical areas. Among these, a particularly high-
profile application is particle therapy for cancer treatment, which however requires significant improvements 
from current performances of laser-driven accelerators. The focus of current research in this field is on 
developing suitable strategies enabling laser-accelerated ions to match these requirements, while exploiting 
some of the unique features of a laser-driven process. 
The perspective of their future use in cancer therapy demands extensive testing of the biological effects of laser–
driven beams, which have very different properties and potentially different radiobiological effectiveness from 
conventional beams. Employing the TARANIS laser at Queen’s University, we have initiated campaigns 
investigating the effect of proton irradiation at MeV energy range on V-79 cells at dose rates exceeding 109 Gy/s 
in a single exposure [1]. Dispersion of the broadband laser driven multi-MeV proton beam by using static 
magnetic field, allows simultaneous irradiation of a number of cell spots with different doses on ns timescale. A 
Relative Biological Effectiveness (RBE) of 1.4 ± 0.2 at 10% survival is estimated from a comparison with a 
conventional 225 KV X-ray source. 
 
RADIOBIOLOGICAL EFFECTIVENESS OF LASER DRIVEN PULSED HIGH 
DOSE RATE RADIOTHERAPY 
The use of ion beams in cancer radiotherapy exploits the advantageous energy deposition properties of ions 
as compared to more commonly used X-rays. Unlike X-rays, ions are able to deliver lethal amount of doses into 
the target tumour while limiting harm to the surrounding healthy tissues. Hadron-therapy has been widely 
recognized across the globe and several clinical facilities, employing mainly protons from synchrotron, 
cyclotron or linac accelerators are operational and routinely treating a significant number of patients. The idea of 
future facilities based on laser driven ion accelerators has been proposed as a way of reducing complexity and 
cost. Significant effort is ongoing to demonstrate the ion beam parameters required to make this proposition 
viable. Meanwhile, several groups have started preliminary work on the methodology and viability of using 
laser driven ion source for cell irradiation experiments.    
The ultra-short (ns) duration of laser-driven multi-MeV ion bursts offers the possibility of radiobiological 
studies at extremely high dose rates, which is virtually unknown and warrants investigation at the cellular level. 2nd ELIMED Workshop and PanelAIP Conf. Proc. 1546, 87-89 (2013); doi: 10.1063/1.4816612©   2013 AIP Publishing LLC 978-0-7354-1171-5/$30.0087
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In previous studies of dose-dependent cell damage employing ion bursts accelerated by fs laser systems, e.g. in 
[2], doses in the Gy range have been delivered to the cells in several fractions. Although each pulse delivered a 
fraction of a Gy in a short time (tens of ns), the average dose rate over a Gy-level exposure was in the Gy/s 
range, i.e. not dissimilar from the dose rate normally used in radiobiology with conventional proton sources. 
Employing the TARANIS laser of Queen’s University Belfast, a quantitative study was carried out in order to 
study dose-dependent biological effects of MeV protons on cells (V79 Chinese Hamster cell line) in the ultra-
high dose-rate regime ( > 109 Gy/s), with the dose (up to 5 Gy) delivered in a single exposure.   
The setup of the experiment is shown in the Fig. 1(a). The laser was focused by an f/3 off-axis parabola on 
10 m Al foils, leading to an intensity on target of the order of 1019 W/cm2. At this intensity regime, the protons 
are accelerated by the TNSA mechanism, which leads to broadband proton energy spectra, typically with 
particle numbers exponentially decreasing up to the cut-off energy. In our case, up to 1011 /MeV/Sr protons were 
produced at 3 MeV energy, which allowed delivering high doses (several Gys) to cell samples to be attained in a 
single shot. Proton energy selection on cells was done by employing strong magnetic field with an input 
aperture close to the target. The cells were placed outside the vacuum chamber, followed by highly sensitive 
EBT type radiochromic film for in-situ dosimetry [3]. In this setup, four cell dots were placed in a row in order 
to expose simultaneously by different energy protons (ranging from 2.5 MeV to 5 MeV) at different dose values 
(a fraction of Gy to several Gy). Two control cell dots placed in the same cell holder at a position well shielded 
from proton exposure. After the irradiation, each cell dots were processed in a similar fashion for clonogenic 
assay. 
 
 
 
FIGURE 1. a) Schematic of the experimental setup. b) Survival curve for the V79 cels obtained using protons with energies 
in the range 1 – 5 MeV. A curve obtained by X-ray irradiation on the same cells, and using the same cell processing 
methodology, is also shown for comparison. 
 
        The Surviving Fractions (SF) were calculated as SF = Number of Colonies/(Number of Cultured cell × 
PE), where PE is the plating efficiency. Finally, for comparison, cell samples prepared according to the same 
procedure were irradiated with a calibrated X-ray source (XRAD 225 kVp from PXI Inc.) shielded by a 2 mm 
thick Cu filter in order to cut the low energy part of the spectrum. The resulting survival curve is shown in Fig. 
1(b), where the data has been fitted using a linear-quadratic model. The uncertainty in dose is mainly due to the 
finite size (2.5 mm) of the cell dots, while the error bars of the SF refer to the uncertainty associated with the 
method used in processing the cells and it is about 20% of the data point value.   
As expected, the survival curves shown in the Fig. 1(b) indicate higher biological efficiency of protons 
with respect to X-rays. From the comparison between proton and X-ray data, a Relative Biological Effectiveness 
(RBE) of 1.4 ± 0.2 can be calculated at 10% SF. Direct comparison with results available in the literature is not 
straightforward, as the points in the curve are obtained using different cell dots irradiated at central energies in 
the range 1 - 5 MeV. However, the measured RBE value is similar to that published for mono-energetic proton 
inactivation of V79 cells in MeV energy range [4].   
The data indicates that, at the dose levels investigated, the ultrahigh dose rate employed has no significant 
effect on cell survival. This is an encouraging result in view of potential future therapeutic use of ultra short 
bursts of laser-driven ions, as, in realistic arrangements, proton pulse durations on the cells will be of ns order or 
more, as employed in the measurements reported here. We note that similar conclusions on independence of 
survival results from dose rate (although employing a different cell line and protons with different LET) have 
been very recently reached in experiments employing a pulsed ion microbeam [5] and laser-produced beams 
focused with quadrupole magnets [6], operating at similar dose rates and pulse durations as in the experiment 
presented here. We believe that, with an optimized set-up, it will be possible in the near future to increase the 88
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dose rate deliverable by laser-accelerated protons by a further 2 orders of magnitude, which will allow testing 
for the emergence of collective effects as predicted in [7].  
 
CONCLUSIONS 
Ion acceleration driven by high power laser has been a highly active area of research for over a decade and 
has been encouraged by the rapid development in laser technology and related areas. The currently observed ion 
beams show appealing properties in terms of ion energy, divergence and fast energy scaling, and offer high 
promise for further progress in the near future. This prospective highlights studies of biological effectiveness of 
laser driven, short-burst ion beams as timely and relevant. Preliminary work of our group in this direction is 
presented studying RBE of laser driven protons irradiating V-79 cells at ultra-high dose rate.  
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